Investigations into the pathogenesis of type 2 diabetes and islets of Langerhans malfunction 1 have been hampered by the limited availability of type 2 diabetic islets from organ donors 2 . Here we share our protocol for isolating islets from human pancreatic tissue obtained from type 2 diabetic and non-diabetic patients who have undergone partial pancreatectomy due to different pancreatic diseases (benign or malignant pancreatic tumors, chronic pancreatitis, and common bile duct or duodenal tumors). All patients involved gave their consent to this study, which had also been approved by the local ethics committee. The surgical specimens were immediately delivered to the pathologist who selected soft and healthy appearing pancreatic tissue for islet isolation, retaining the damaged tissue for diagnostic purposes. We found that to isolate more than 1,000 islets, we had to begin with at least 2 g of pancreatic tissue. Also essential to our protocol was to visibly distend the tissue when injecting the enzyme-containing media and subsequently mince it to aid digestion by increasing the surface area.
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To extend the applicability of our protocol to include the occasional case in which a large amount (>15g) of human pancreatic tissue is available , we used a Ricordi chamber (50 ml) to digest the tissue. During digestion, we manually shook the Ricordi chamber 3 at an intensity that varied by specimen according to its level of tissue fibrosis. A discontinous Ficoll gradient was then used to separate the islets from acinar tissue. We noted that the tissue pellet should be small enough to be homogenously resuspended in Ficoll medium with a density of 1.125 g/ml. After isolation, we cultured the islets under stress free conditions (no shaking or rotation) with 5% CO 2 at 37 °C for at least 48 h in order to facilitate their functional recovery. Widespread application of our protocol and its future improvement could enable the timely harvesting of large quantities of human islets from diabetic and clinically matched non-diabetic subjects, greatly advancing type 2 diabetes research.
Video Link
The video component of this article can be found at http://www.jove.com/video/2962/ Protocol 1. Pancreatic tissue collection in the operating room 1 . The surgeon performs a partial resection of the pancreas. 2. After placing the pancreatic specimen in a box on ice, deliver it immediately to the pathologist.
Tissue selection for islet isolation
1. The pathologist selects tissue that appears soft and healthy, retaining the damaged tissue for diagnostic purposes. Fibrotic tissue and specimens offering less than 2 g of usable tissue are excluded from islet isolation. 2. Immerse the pancreatic tissue in Euro Collins Solution and deliver on ice to the laboratory.
Isolation of human islets

Human pancreas digestion circuit
1. Assemble the digestion circuit as shown in Figure 1 . The flow direction in the Ricordi chamber is in at the bottom and out at the top of the chamber. 2. Add the remaining digestive enzyme solution to the 500 ml flask up to a total volume of 300 ml and insert a thermometer. 3. Transfer the pancreatic tissue into the chamber, insert the mesh (pore diameter: 600 μm) and three Silicon Nitride Marbles (diameter: 15 mm), close the chamber and start the pump with the flow set at 140 ml/min. 4. When the temperature of the circuit reaches 37 °C, start timing and periodically take samples to determine when to stop the digestion.
Staining with dithizone (2 mg/ml) allows microscopic visualization of islets within the digested tissue 4 . 5. Once the islets are separated from the surrounding acinar tissue, quickly stop the digestion by placing the heating coil on ice and adding 200 ml of cold wash media (900 ml RPMI 1640 with 5.5 mM glucose and 10% FBS) to the circuit. 6. Collect the islet solution in 250 ml conical tubes as it comes out of the sample tube. Continue until the circuit is empty. Figure 1 . The human pancreas digestion circuit The human pancreas digestion circuit includes a Ricordi chamber containing mesh (pore diameter: 600 μm) and three silicon nitride marbles (diameter: 15 mm). Outflow from the chamber is driven to the tissue collection flask by the peristaltic pump (140 ml/min). Arrows indicate the flow direction. An optimal temperature for enzymatic digestion is maintained by immersing the heating coil in a 37 °C water bath.
Washing post-digestion
1. Centrifuge the 250 ml conical tubes containing the islet solution at 1000 rpm, 4 °C for 5 min. 2. Discard the supernatant, resuspend the islet pellet in wash media (900 ml RPMI 1640 with 5.5 mM glucose and 10% FBS) and distribute it in equal fractions to 50 ml conical tubes. (Optional: Distribute into additional conical tubes to improve washing.) Centrifuge at 1000 rpm, 4 °C for 5 min. 3. Discard supernatant and gently loosen pellets by manual shaking. 5. Dilute the Ficoll gradient by adding wash media (900 ml RPMI 1640 with 5.5 mM glucose and 10% FBS) to each conical tube up to a total volume of 50 ml. Centrifuge at 1000 rpm, 4°C for 5 min. 6. Discard the supernatant by suction. Use care as the pellet might be loose due to the Ficoll gradient. 7. Wash the pellets with wash media (900ml RPMI 1640 with 5.5 mM glucose and 10% FBS) and centrifuge at 1000 rpm, 4°C for 5 min. Repeat using islet culture media 8. Resuspend the islets in culture media and place them in the incubator with 5% CO 2 at 37 °C for 24-48 hours before further processing.
Purification on a Ficoll gradient
Representative Results
Our protocol yielded an average of ~500 islets per gram of pancreatic tissue, although this greatly varied between preparations due largely to differences in fibrosis and collagenase activity. We achieved > 90% islet purity by first staining with Dithizone during tissue processing, then handpicking them 24 hours after isolation. To determine the quality of the purified islets, we tested for 25 mM glucose-stimulated insulin secretion under static conditions for 2 hours. We found insulin secretion comparable to that of islets obtained from ECIT islet isolation and transplantation centers. As islets isolated from partially pancreatectomized pancreata are not meant for islet transplantation, assessment of the total IEQ was not considered to be a critical factor. Importantly, our method enabled us to isolate islets for functional studies from 25 partial pancreatectomized patients between 2005 and 2008 5 . These islets were analyzed for glucose-stimulated insulin secretion and specific protein expression by western blotting and immunohistochemistry. Islets isolated from partially pancreatecomized pancreata could also be used to compare gene and protein expression profiles, ultrastructural appearance and functional responses of non-diabetic and diabetic islets. Because there are more patients undergoing partial pancreatectomy than there are organ donors, our protocol could allow enough samples and data to be collected for robust statistical analysis.
Discussion
Using our protocol, human islets can be isolated from pancreatic tissue collected from a partial pancreatectomy. The success of this protocol relies on the care taken during a few critical points. To preserve beta-cell viability, it is essential that the specimen be transported rapidly on ice to the laboratory. Additionally, the duration of tissue digestion must be optimized empirically according to the grade of tissue fibrosis and the enzymatic activity of the media. This is also true for the degree of mechanical force applied manually to the Ricordi chamber. Thus to obtain a good islet yield, the protocol is best performed by a dedicated scientist or technical assistant. Initial failure is the norm unless the team is already experienced in islet isolation.
There are key differences between our islet isolation protocol and the standard human islet isolation method: 1) Although we use pancreatic tissue subjected to several hours of ischemia during the surgical procedure, it is immediately processed on site. This is in contrast to pancreata explanted from brain-dead donors for pancreas/islet transplantation, which remain ischemic for several hours during allocation and delivery to the islet isolation facility. 2) We inject collagenase directly into the pancreatic tissue, whereas the standard protocol is to infuse it into the pancreatic duct. 3) We separate the islets using a discontinuous Ficoll gradient instead of collecting the islets from a continuous Ficoll gradient using a COBE cell processor.
In cases where the surgical specimen is too fibrotic or scarce for isolating an adequate number of islets, tissue can still be retrieved by laser capture microdissection (LCM) 10 . This allows gene expression data to be recovered from virtually every specimen, even if the islet isolation fails or the yield is very low. Unfortunately, LCM does not produce living cells for functional studies and their amount is typically insufficient for proteomic analysis. Thus, using LCM in parallel with our collagenase digestion protocol to retrieve the islets may be the most effective way to process surgical specimens.
When collecting tissue for islet isolation from partial pancreatectomies, it is important to carefully examine the patient's clinical history and metabolic state. A partially pancreatectomized patient could be affected by type 3c diabetes, i.e. diabetes secondary to the pancreatic disorder leading to surgery 6 . Among the 43 participating patients who underwent this surgery in our department in 2010, 32 were non-diabetic, 5 were affected by type 2 diabetes and 6 had type 3c diabetes. These data agree with previous studies pointing to impaired glucose metabolism and diabetes in a sizeable fraction of patients suffering from pancreatic cancer or chronic pancreatitis 6 . We considered diabetes to be of primary origin if it was diagnosed at least one year prior to the onset of symptoms leading to pancreatic surgery 7 . The levels of antibodies against islet autoantigens should also be measured to evaluate a potential autoimmune origin of the diabetes 8 . Because a patient undergoing pancreatectomy could suffer from undiagnosed diabetes or be glucose intolerant, all non-diabetic patients should be given an oral glucose tolerance test prior to the pancreatectomy 9 .
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